Abstract
calving to conception), body condition score (BCS) recorded on a 1-5 scale and changes
Introduction

46
In response to the effects of inbreeding and decades of effective selection for increased 47 took place was between day 6-12 after calving. In the abortion dataset, there were two 136 records per lactation scored as 1 or 0. In the present study, abortion refers to the loss of 137 pregnancy between 40 days of gestation and the beginning of the dry-off period. For the 138 trait anestrus, two health events were combined: inactive ovaries and persistent corpus 139 luteum (CL). Only 14% of positive anestrus cases were classified as persistent CL while 140 86% were due to inactive ovaries. There was only one fertility trait available in the dataset, 141 days open, which was the number of days from calving to the start of the subsequent 142 pregnancy. Body condition score was recorded three times per lactation by the 143 veterinarian: two weeks after dry-off, within two weeks after calving and at peak milk 144 production. In Israel, a scale of 1-5 with increments of 0.25 is used, 1 meaning thin and 5 145 meaning obese. The trait change in BCS was the difference between BCS after calving 146 and BCS at peak lactation. The overall means for each trait are listed in Table 4 .
147
Model
148
Data edits and statistical analyses were performed in SAS 9.4 (version 9.4, SAS Institute, 149 2013). Days open and BCS were analyzed with linear models using the GLM procedure.
150
All other traits were binary and analyzed using a logistic model.
151
The following model was used for postpartum traits: where Yijkl is the observed value of the trait; is the overall mean; Breedi was the fixed 154 effect of i th breed group (2 classes, HO or NRX); HYj the fixed effect of herd-year (Table   155 2), which was made up of herd and year of calving except for the trait abortion, where HY 156 included the year of conception instead of calving. Parityk was the fixed effect of the k th lactation (3 classes, 1, 2, and 3+), birthyearl was the fixed effect of the cow's birth year,
158
and eijkl was the residual error.
159
The following model was used for traits relevant for heifers (anestrus and lameness):
Breed + H +Parity +Birthyear + e Y= μ+ ,
161
where Hj the fixed effect of herd. Parityk was the fixed effect of the k th lactation (4 classes; 162 0, 1, 2, and 3+), and other effects were as defined above.
163
Effects were included in the models if they were significant at P < 0.1. The final model for 164 lameness did not include birth year as it was not significant. The effect of season (defined 165 as winter, from November to January, spring, from February to April, summer, from May 166 to July, and fall, August to October) was not significant for any of the traits, and therefore 167 not included in the final models. For each trait, each parity was also analyzed separately, 168 using the same model without the effect of parity.
169
Odds ratio 170
Odds ratio (OR) was calculated and used to evaluate differences in health traits between 171 the two breed groups. The OR describes how much higher odds one breed group has of 172 getting a disease compared to the other group. In the present study, an odds ratio >1 
180
Results
181
Postpartum diseases
182
Odds ratios for HO vs. NRX for the health traits ranged from 0.87 to 2.07 (Table 5 ). Here,
183
OR >1 indicates a higher risk of the disease in the HO group, while OR <1 indicates a 184 higher risk of the disease in the crossbred group. The highest OR (2.07) was found for 185 lameness, i.e. the odds of lameness were higher in HO than NRX. Norwegian Red 186 crossbreds had significantly fewer cases of ketosis, metritis, retained placenta, abortion,
187
and lameness than HO (Table 5) .
188
The mean frequency of anestrus decreased, while frequencies of ketosis and lameness 189 increased with higher parities (Table 6 ). Odds ratios for each parity ( Table 6 ) demonstrate 190 that breed differences vary over parities for these traits. The incidence of ketosis increased 191 in later lactations (Table 6) , but difference between breeds decreased. The biggest 192 difference between breed groups for ketosis was after the first calving, when odds for HO 193 primiparous cows were 2.71 times as high compared to NRX (Table 6) . Table 6 only   194 includes the health traits that show a trend in odds ratio from one parity to the next.
195
Israeli HO had two times higher odds of becoming lame compared to their NRX herdmates 196 (Table 5 ). The biggest difference was observed in first-parity HO, which were 2.75 times 197 higher odds of developing a case of lameness than first-parity NRX (Table 6 ). In later 198 parities, the difference became slightly smaller between breed groups, but still significant 199 at P < 0.001. 
257
Metabolic disorders
258
The inclusion of ketosis in each country's breeding goal is reflected in the results. As 259 ketosis is a metabolic disorder, the level of milk yield and, in turn, negative energy balance 260 influences the prevalence. High milk production in the previous lactation can be a risk 
Reproductive disorders
275
Higher risk of metritis in HO compared to NRX was in agreement with Ezra et al. (2016) .
276
Another study that compared Montbéliarde x HO crossbred cows with HO found a much HO (Begley et al. 2009; Cartwright et al. 2011 ). This could 282 be an explanation of why NRX had a lower incidence of metritis and other disorders.
283
The genetic correlation between metritis and retained placenta is moderate-high and has 284 been estimated from 0.55 to 0.74 (Heringstad, 2010; Jamrozik et al., 2016) . The results
285
of the present study were consistent with this study, as a higher incidence of retained 
585
2 BCS scored in a scale from 1 to 5, in increments of 0.25, where 1=thin and 5=obese.
586
3 Change in BCS from after calving to peak lactation.
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